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SPONTANEOUS  PI3SI0K  AND  SYNTHESIS  OP  FAR-TlUNSDRAlfim!  ELEMENTS 

-tJSSR- 


rPollo«rlng  ie  a  tranalatlon  of  an  artiola  by  0»  N.  Plerov,  Ye.  D»  Donets 
and  V.  A*  Dpuln  (affiliations  not  given) •  in  the  Russian  langiiage  periodic 
cal  Atomnava  enerelva  (Atomic  Energy),  Vol  14,  No  1,  Moscow,  January  19(?» 
pages  16  -  26 •  (The  article  was  submitted  to  editors  on  JO  August  19^?).] 

The  possibility  of  the  spontaneous  fission  of  nuclei  was  predicted  theoret 
Ically  in  1939  on  the  basis  of  a  model  concept  regarding  the  nucleus  as  a  drop  of 
charged  liquid  [l].  Just  after  the  publloation  of  this  report,  in  the  laborntorie 
of  many  countries,  intensive  research  got  undsrwsy  on  spontaneous  fission  for  the 
heaviest  elements  known  at  that  time,  namely  uranium  (V)  and  thorium  (Th).  In  the 
Leningrad  Physieo-Teohnical  Institute  of  the  USSR  Aoademy  of  Solencee,  in  Prof. 

I.  V.  Knrchatov*^s  laboratory,  a  highly  sensitive  method  was  developed.  Wlihlts  ai 
K.  A.  Petrahak  and  0,  N.  Plerov  were  the  first  scientists  to  be  able  to  observe 
fragments  of  the  spontaneous  fission  of  [2]. 

The  experimental  detection  of  the  fission  of  from  the  groxind  (unexoi- 
ted)  state  greatly  etiraulf“ted  the  Intarest  in  studying  the  new  type  of  radioaotiv 
decay  of  nuclei.  Reaearoh  was  conducted  basloally  along  two  linesi  an  explanatic 
of  the  mechanism  of  the  natural  fission,  and  a  searoh  for  new  spontaneously  fiss¬ 
ionable  nuclei.  It  waa  sstablished  that  many  transuranium  elements,  obtained  artl 
ficially  in  reactors  or  aocelators,  undergo  natural  fission. 

eSHTATN  RB5ULARITIBS  IK  THE  NATDRAL  KSSIOK  OP  HUCLST 
Ry  1952,  extensive  experimental  material  had  been  aooumulated  on  the  per¬ 
iods  of  natural  fission  and  this  permitted  Seaborg  to  systematize  the  data  for  th 
first  time  [5].  He  constructed  a  graph  of  the  dependence  of  spontaneous  fission 
periods  T,y  upon  the  fisaility  parameter  Z^/k%  in  the  liquid  dre-p  model,  this  re 
resents  the  ratio  of  the  Coulomb  force  of  the  protons*  repulsion  to  the  stabiliai 
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•urfao*  foro«  of  th#  nuolous*  This  approach  was  rafinad  and  axpandad  latar  [4i  53? 
it  is  raprasentad  in  Figura  1  In  oontaaporarjr  font.  Wa  oan  nota  thraa  baalo  faa- 
turas  in  tha  bahavlor  of  tha  natural  fission  parlods  for  tha  ▼arious  alaaantai  1' 
a  gsnaral  tandanoy  toward  a  daoraasa  in  T  with  an  inoraasa  In  l^/k\  Z)  a  "para- 
bolio"  form  of  ourvas,  in  whloh  thara  fall  tha  values  of  the  various  laotopai 
of  one  alamant,  and  3)  an  inoraasa  In  tha  of  nuolal  with  an  odd  number  of  na'* 
trons  or  protons  by  10^  -  10  tines  in  comparison  with  tha  Tj/  of  an  awan-aven 
nucleus  with  the  given  naranatar  Z  /A.  The  firat  feature  agrees  qualitatively  wit 

the  predictions  of  tha  hydirodynamlc  modal,  wharaan  it  is  impossible  to  explain  tb 

other  two  from  the  standpoint  of  this  nuclear  model.  Tha  theory  of  the  natural  fl' 

slon  was  developed  la  close  conjunction  with  the  overall  theory  of  the  nuclear 

str’actur*^  of  nuclear  resctlont.  Various  model  representatlone  of  the  nuclear 

stricture  were  also  used  for  an  explanation  of  tha  faatxires  of  the  behavior  of  T,, 

2  /  ' 
ae  a  function  of  Z  /A.  Tt  is  evident  that,  for  a  proper  understanding  of  the  fia- 

eion  pattern,  it  is  insufficient  to  consider  only  the  oolleotlve  properties  of  tb 

nucleus,  but  it  is  also  nseessar:'  to  consider  the  behavior  of  Individual  roxoleonr 

In  oaee  of  the  origlnstion  of  distortion  of  the  nucleus  an  a  whole.  As  was  demor- 

strated  by  Nieleaon  [6],  the  energy  of  individual  nueleona  varies  greatly  with  th 

inorease  in  nuclear  distortion.  Thla  could  lead  to  an  appreoiable  variation  in  th 

hydrodynamic  fission  barrier.  An  analysis  of  the  effective  fission  barriers  with 

the  use  of  the  Nlelason  diagrams  was  conducted  by  Johansson  [7],  who  showed  that 

with  a  oonalderatlon  of  the  elngle-partiole  oorreotions  to  the  hydrodynamic  bar- 

rier,  one  oan  obtain  a  more  regular  behavior  of  Tj^y  ae  a  function  of  Z  /A.  The 

Boattering  of  the  points  becomes  much  leset  thc>y  cluster  near  the  atrelght  line 

(Figure  2). 

Tn  spite  of  the  considerable  advances  of  the  theorj'  in  explanation 
of  natural  fission,  it  (the  theory)  still  is  qualitative.  Speoifloally,  It  is 
quite  difficult  to  estimate  theoretically  the  lifetimes  of  the  far  transuran¬ 
ium  elements.  Therefore  for  euoh  estlmatlone,  we  resort  to  various  semi-emplrioal 
formulas  and  to  extrapolations  of  the  experimental  dependenoes  in  the  region  of 
the  unknown  nuclei.  The  formulas  developed  by  Svyatetekiy  [g]  and  Dom  [9]  art 
widely  uned.  The  precondition  for  their  derivation  was  the  cirouaatanoe  that 
the  experimental  values  of  the  masses  of  nuclei  in  their  ground  state  deviate 
(from  the  points  on  the  smooth  mess  surfaoe,  oomputed  on  the  basis  of  a  hydro- 
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ngaxm  1.  Dqp«Dd»&ee  of  yorioAo, 
Tsf  ,  of  mtaaml  upon 

fiiiUlty  fMOMtor,  F/A, 


dynamic  modal)  by  th#  value  6  while  tba  aiQwrimantal  Traluaa  for  the  parloda 
of  spontanaoua  fiasion  deviate  by  the  value  6T  from  the  values  expeoted  for 
this  model* 


Svyatetskly  noted  that  the  values  for  6T  andftj  oorrelate  in  a  definite 
way  with  one  another*  This  now  appears  natural*  since  we  already  know  that  the  ■ 
hydrodynamlo  formula  for  the  masses  disregards  the  shell  struoture  of  the  nuclei, 
the  fluotuations  in  the  pairing  energies,  the  heterogeneity  of  the  angular  and 
radial  distributions  of  the  oharges  eto*,  and  all  these  energy  effects  affect 
the  lifetime  of  the  nuclei  in  relation  to  natural  flseion*  Introducing  the 
empirioal  corrections  Kftn  into  the  observed  periods  of  natural  fission,  Svya- 
tetskiy  obtained  the  uniform  dependenoe  of  Tjy  -f  K6m  upon  for  the  even- 
even  nuclei  at  K  •  5  -  (zVa  -  57*5)» 


Dom  modified  somewhat  the  Svyatetekiy  formula,  having  added  the  tarm 
in  order  to  get  a  greater  smoothing  of  the  lines*  The  analytical  Svya- 
tetekiy-Bom  expression  for  the  periode  of  natural  fission  has  the  formi 
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log  T 
log  T 
log  T 


even-even 
odd  A 
odd-odd 


^0.0730^ 


+  I3S9  /VA  -  (4  -  ft)  Sm 


+  0,356  ^  ♦ 


where  6  =*  Z'/k  -  37* 5»  Tj^  is  expiseeed  in  seconds,  while  6m  ie  given  in 
?neg«-elect,wn-volts  fMev),  ?or  nn  estimation  cf  the  nabtral  fission  periode 
Of  unlanown  nuclei,  6m  oan  be  found  as  the  deviation  of  the  tabular  value 

of  the  mass  according  to  Cameron  [lOl  from  a  point  on  the  smooth  maa?  surface « 

2/3 
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+25.444 
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+  0.420(S  -  Z), 


The  results  of  computing  the  natural  fission  perlodg  based  on  the 
Svyatetskiy-Bom  formula  for  oartain  isotopes  of  curium,  oalifomlum,  fermlum, 
and  also  for  the  elements  102  and  IO4  are  given  in  Figure  3*  For  comparison, 
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polata  am  OMO^ctd  with  ab  '*x"f  throu^  whloh  hrokwa  linaa  ata  drawn. 
It  la  oVrloua  that  for  OAllfomiun  lAotopawi  thtra  la  aAtiafAotoxy  ^gnw»nt 
with  tha  foranila,  wharaai  for  faralum  tha  poaltion  and  tha  pattam  of  the 
brokan.  and  solid  linaa  diffar  appraoiabljr.  For  tha  haaty  ourlua  laotopaa«  the 
foraula  pradlota  an  abrupt  Inoraaaa  in  tha  probablli^  of  natural  fission, 
ihila  for  tha  alsaanta  102  and  IO4  in  tha  range  of  neutrons*  numbers  >  152. 
tha  rates  of  tha  daoraaaa  in  tha  natural  fission  parioda  are  soaiairiiat  ratardad 
as  oompazvd  with  oallfomiua  and  farilua.  In  report  [ll].  analysing  tha  yield 
*  ounra  of  wax^ous  transuranium  alamants  during  tha  theraonuolaar  explosion 
dubbed  "mka**}  Pom  dMonstratad  that  this  formula  giraa  depressed  ‘Yalues 
for  rezy  heavy  ieotopaa  (e*  g*.  Fm^^^  and  The  author  concludes  that 

for  an  explanation  of  the  yield  eurve.  it  is  naoessaxy  to  assume  that  in  the 
region  remote  from  the  line  of  0<-stability.  natural  fission  oan  not  oocur  fas** 
ter  than  the  0 -dlsintagratiOBt  i.e.  that  the  Swyatetskiy-Pom  formula  is  in- 
oorraot  for  nuolel  anriohed  with  neutrons.  At  present,  it  does  not  appear  pos~ 
slble  to  determine  exactly  the  range  of  the  N-valua  where  this  formula  is 
valid.  If  we  speak  of  new.  as  yet  undleeovered  elements,  direotly  oontaining  the 
ones  that  are  studied,  evidently  the  most  reliable  method  of  estimating  the 
lifetime  of  these  elements  in  relation  to  spontaneous  fission  will  then  still 
be  the  extmpolation  of  the  empirical  dependences  upon  Z  and  A.  For  this 
purpose  we  can  use.  e.g..  the  dependenoe  of  Tjyt  upon  the  number  of  neutrons  If 
in  the  nuoleus  at  oonstant  Z  (Figure  4)  or  the  dependenoe  of  upon  the  number 
of  protons.  Z.  in  ths  nuolsus  at  flxsd  H  (Figure  9)«  A  simple  graphic  extra¬ 
polation  yields  (for  the  elements  102.  and  IO4)  Tw  -values  differing  sub- 

*  260 

stintlally  from  the  computed  ones.  Speoifioally.  for  the  isotope  IO4  .  from 

Figuree  4  and  5.  *a  oan  expect  lifetimes  of  0.01  -  1  second,  whereas  the  Svya- 
tetakiy-Pom  formula  leads  to  a  value,  for  the  period,  equalling  1  hour. 

Quite  slgnifioant  for  a  predlotion  of  the  properties  of  new  elements  Is 
the  explanation  of  the  question  as  to  how  great  is  the  effect  of  the  sub- 
shall  with  N  ••  132  upon  the  fission  barrier  in  the  range  of  high  A-values. 

At  very  high  A-valuee,  the  parameter  Z^/k  becomes  appreoiably  less  than 
(Z*  conformity  with  the  position  of  the  hydrodynamic  model,  such 

nuolel  should  be  more  stable  in  respect  to  fission.  Competition  on  the  part  of 
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Figure  3.  Dependence  of  -values  computed  from  the  Svjratetakiy-Dom  formula 
upon  the  number,  N,  of  neutrons  in  the  nuoleuei 

Q  -  results  of  oaloulationi  — -X—  -  experimental  data. 

Caption  to  left  of  figure  T  ,  seconds 

the  shell  effect  leads  to  a  decrease  in  ly  ,  however  the  role  of  this  effect 
should  be  considerably  less,  remote  from  X  n  l‘>2,  and  then  we  can  expect  a 
rise  in  the  right  branches  of  the  curves  in  Figure  4*  It  is  diffloult  to  prf- 
dlct  the  beginning  of  suoh  a  rise.  Johansson  [7]i  analyzing  the  behavior  of  the 


n«utron  all  th«  way  to  V  «  l60»  ooaoludaa  that  th'^  'ipavy  isotopes  of 

oallfomiuffl  and  faxmivun  will  liva  lon^par  than  followa  from  the  grephic  extrn- 


polatlons.  For  instanoa,  tha  axtrapolational  valiia  of  ^ 


for  Pm  oo.’u5ti  h•lte^ 


aavaral  mlnutaa»  whila  according  to  Johansson  astloationt  it  should  equnl  un 


hotiT*  For  in  tha  aana  way  there  was  obtainad  a  -value  of  bnineer.  n 

year  and  a  month* 


Figure  4*  Variation  in  in  dependence  on  numbari  F,  of  neutr'-'n,?  in  nucleus. 
Captions  with  figurai  to  lefti  T_,^  t  yeara.  Within  figure,  upper  ri^^hti  in;? 
neutrons 


Only  by  axparimant  oan  all  these  problems  be  solved.  However,  in  the 
ooursa  of  on  experimental  determination  of  the  spontaneous  fission  perio.bi  of 
certain  relatiwely  heavy  isotoiMs  of  Fm  and  Cf,  oertain  major  diffictiltie  j 


7- 


•ria*  in  oonnaetion  with  tha  problam  of  thalr  ajnthaaia* 


To  aatlsata  the  earioua  poaeible  varlante  of  obtaining  aueh  laotopest  wt 
ahall  examine  firat  of  all  the  modern  atate  of  the  ]n>oblen  of  deriving  and 
studying  the  properties  of  new  transuranlua  elaoentSi  and  we  shall  also  try  to 
point  out  certain  approaches  that  will  penilt  us  to  delve  more  deeply  into  thie 


field. 


Figure  5.  Variation  of  T^^y;  as  a  function  of  the  number,  Z,  of  protons  in 

a  nuoleus. 


SYHTHRSIS  OP  TRASSURANIUM  ELBUEaiTS  WIIH  TEE  AID  OP  WTLTTPLY  CHARGED 
IONS 

The  beginning  of  the  work  in  this  direction  In  the  USSR  is  closely 
linked  with  the  name  of  I.  V.  Kurohetov.  The  firat  reactor,  the  first  cyclotron 
of  nultiply-oharged  ions,  and  then  a  large  accelerator  of  heavy  ions  in  Dubna 
were  developed  with  the  direct  participation,  supervision,  or  the  enthusiastic 
support  of  Igor  Vasil 'yevioh*  The  mounting  of  a  300«oantlmater  oyolotron  in  the 
Centralised  Institute  of  Ruclear  Rssearoh,  wliioh  perodts  ons  to  obtain  Intensive 


of  ions  in  a  wiic  rqr.^je  of  Z  and  opened  further  oxtonsive  poi^dl  bill  ties 
for  conducting  experiment*^  on  the  cf  new  elemente#  In  many  countries 

in  recent  years |  VRrious  accelerators,  of  multi ply-charf:ed  ions  have  been  built 
and  put  into  operation# 

Up  to  the  present,  with  th^  aid  of  heavy  ionsi  there  have  been  syn^ 
theaizod  all  th*^  •aarller  knowr^  tr.ansuranivun  elements,  end  also  the  new  elements 
10?  and  10.^  (Lawrencim)  [12  «  15]* 

The  successful  use  of  this  method  permits  us  tr  consieUr  it  ^hr  most 
promi  i  i for  the  6yr.th*?sls  of  the  new  'cj]emonts«  However ,  the  difficul  tie.? 
eurourterod  in  thi*^  co^r*^ct1or.  are  nev<*rtheless  so  ooni^iderabl^-!  that  they  compel 
ui*  *0  analyze  raid  to  test  all  prob^iMe  methodc  expending  the  ro.‘-'>Ibili1ies 
of  the  ai proech* 

Poised  on  the  synthesis  of  th^  ho/iV7''  olemert  from  the  tar£^>t 

A  ^  1 

ion  there  xvs  e  nuclear'  reaction  of  the  type: 


The  he^vy  ion*  ecoelerattd  tc  an  ener^^;;;'  slightly  greater  than  th^  ener^  of  the 
Coulomb  barrier*  having  penetrated  into  the  tartfret-nucleiia  with  a  section  close 
to  a  geometric  one,  addo  all  of  V.iretic  ener®'*  to  the  compound  nucleus* 

S^nco  thf*  nucleon?  in  the  compound  rucle'.is  are  boxmd  more  weakly  than  in  the 
target-nucler.s  and  In  the  nucleus  of  the  heavy  ■'’on,  a  part  of  this  energy  i? 
expended  in  unpacking,  and  the  balance  (usually  ?0  -  60  !/[.?’»“)  is  expended  jn  the 
excitation  of  the  compoord  nucl^rup.  The  m^cleus  ciul  be  freed  of  thl  ?  '^nerg^r  by 
th’  evaporation  of  3<*vavj,]  nncl<»ons  (naually  three  -  five).  However,  since  we 
are  discussinifr  heav;/  nuclei,  i«9.  those  with  a  low  fission  barrier,  the  basic  fo 
of  disintegration  of  the  cooipt^und  nucleua  le  fi scion,  which  as  a  r»jle  pre¬ 
dominates  at  all  stagra  of  the  nuclecrs*  evaporation.  This  leads  to  the  8*:t- 
uetlon  that  the  cross  aootiona  of  the  yield  of  far  transuranium  elements  prove 
to  be  several  orders  of  magnlt^ide  lower  than  the  geometric  ones  and  usually 

«PQ  ? 

amount  to  10  ■  -  10  cm'. 

Sometimes  for  the  s.i'Tithesis  of  a  heavy  element,  we  use  a  reaction  of 

the  type. 
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vhioh  difftrs  from  tho  roaotlon  oonnidorod  above  in  thati  during  the  oepture 
of  »  heavy  loni  there  ie  Mltted  an  a-partlolef  and  in  other  reepeote  the 
prooeee  tranepiree  analogously*  Since  here  also  there  is  a  stage  of  evaporation, 

the  cross  sections  of  formation  of  the  ^^2  Isotopes  are  aleo  several  orders  of 
magnitude  emaller  than  the  geoaetrie  cnee* 

At  present,  at  disposal  of  the  experimenters,  there  are  fairly  inten¬ 
sive  heaae  of  ions  and  sdequate 

amounts  of  materials  for  the  targets  from  to  Cf»».  For  a  long  time,  the 
cueetion  remained  unolarlfied  regarding  the  selection  of  of  the  target  and 

of  the  particle  for  the  synthesis  of  an  element  with  the  given  Z  -  ♦  Z^. 

Th.»  assxxmption  was  expressed  that  an  increase  in  by  unity  and  the  cori*es- 
ponding  decrease  in  Z^  should  lead  to  a  decrease  of  the  cross  section  of  yield 

of  an  element  with  the  number  Z  by  10  times.  However,  an  analysis  of  studies 
conducted  previously  [l6,  I7]  and  of  the  new  data  derived  in  report  flS],  shows 
that  these  estimations  were  too  pessimistic.  The  transition  from  a  synthesis 

of  Fm^^^  in  the  reaction  Pu'  to  the  synthesis  of  in  the 

reaction  Th^  ^(Ne^^,  leads  to  a  decreaa'^  in  the  c^O'^s  sf-ction  by 

twenty  tlrnes  in  all,  and  not  by  four  orders,  as  had  been  postulated. 

Thus,  in  principle  there  is  already  a  possibility  of  a  synthesis  of  all 
the  elements  up  to  ir>«  Inolnsive,  I’owever,  in  exploiting  this  possibility, 
difficulties  arise  that  are  linked,  not  with  the  s’^nthesis  £g£  ^e,  but  with 
the  investigation  of  the  properties  of  the  newly  derived  elements  and  new 
Isotopes. 

As  a  rule,  the  reactions  of  the  evaporation  of  neutrons  lead  to  the 
formation  of  light  isotopee  of  new  elements  with  a  short  lifetime  in  respect 
to  a  -decay.  This  excludes  the  uae  of  the  chemical  methods  of  identification. 

In  connection  with  this,  the  entire  research  process  becomes  considerably 
complicated,  and  the  reliability  of  its  results  oftsn  deersasea. 

At  the  basis  of  the  physical  method  of  the  Idsntifi cation  of  the  new 
a-sotiva  slament  with  a  short  llfetlma,  there  lias  the  recording  of  the 
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a  oaotlvlty  with  an  anergy  asaujMd  according  to  systamatios.  Simultaneously » 
there  is  required  the  exoluslon  of  al]  possible  emuses  of  baokground.  It  was 
experimentally  established  that  in  reaotione  with  heawy  ions»  in  admixtures 
of  lead,  bismuth  and  other  elemental  in  the  targets  there  oan  originate  a -active 
nuclei  in  the  range  Ac-Po,  for  which  the  deomy  properties  are  close  to  the 
pro3>ertie8  axpectad  for  the  new  eleswnts  ri3»  I9l« 

Moreover,  in  recant  papers  [l3,  19]  devoted,  to  an  analysia  of  the 
products  of  nuclear  reaotione  Th  •f  Ne,  it  was  demonstrated  that  similar  baok- 
ground  activities  ars  fOrmsd  owing  to  ths  rsmetions  of  dsep  spltttingf-off.  An 
additional  source  of  baokg^und  can  be  ths  unknown  li^t  isotopes  of  Cf,  ibi 
and  others*. 

The  subsequent  advance  to  a  synthesis  of  the  heavier  elements  by  the 
method  of  recording  the  a -activities  will  be  evsr  more  dlffloult,  and  the 
results  will  be  ever  less  reliable.  This  is  associated  with  the  fact  that  in 
the  transition  to  the  heavier  particles,  the  r'mbsr  of  background  activities 
inoreaeae,  while  the  cross  sections  of  formation  of  new  eleownts  decrease*  At 
present,  the  researchers  have  proceeded  all  the  way  to  a  synthesis  of  the 
element  104*  *^18  is  a  region  where  spontaneous  fission  oan  become  predominant 
in  comparison  with  other  forme  of  disintegration* 

It  would  have  seamed  much  simpler  to  record  the  faot  of  the  formation 
of  a  new  element  according  to  Its  natural  fisalon  than  according  to  the  a -decay 
or  the  electron  oapture,  owing  to  the  hifjtx  sensitivity  of  the  method,  asaociated 
with  the  absence  of  baokgroimd*  The  residual  nuclei  of  the  reaotione,  occurring 
in  admixttires  in  the  target,  oan  not  undergo  spontaneous  fission.  For  the 
identifioatlon  of  a  new  element,  it  would  have  been  sufficient  to  use  the 
combined  investigation  of  the  excitation  functions  for  the  formation  of  a 
spontaneously  fiseionabls  product  (this  furnishes  a  knowledge  of  the  atomic 
weight  a)  and  of  the  yields  of  the  i^ven  nucleus  In  the  cross  irradiationo 
of  various  targets  by  particles  with  various  values  for  and  (for  the 

establishment  of  the  atomio  number  of  the  product  being  studied).  FowevsT*, 
the  actualitj'  proved  more  complex  tlian  wao  expected. 

In  the  report  [22],  it  was  shown  that  In  the  Irteraction  of  heavy  ions 
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(Ne^^,  0^^,  anA  othere)  with  uranium  nuolal,  thare  la  foraad  a  apontnna- 
ously  flsrionahle  leotopa  with  an  anomaloualy  short  half-llfa  (shout  0»015  aeo«) 
An  investigation  of  the  functions  of  the  excitation  of  thia  isotope's  formation 
in  various  reactions  led  the  authors  to  the  conclusion  that  its  synthesis  occurs 
owing  to  the  transfer  of  a  part  of  the  nuoleone  of  the  bombarding  nucleus  to  ths 
target-nucleus  and  that  its  atoraie  number  is  4  97»  The  maximum  cross  section  of 
the  reaction  tJ  '  +  Ks  amounts  to  about  2  •  10  ^  on  .  However  1  the  oross  seo- 

5Hg  Ij 

tlon  of  the  reaction  tT  '  ♦  B  in  sxperimsnte  using  neon  Is  several  times  great¬ 

er  than  the  indicated  value.  The  authors  txpress  the  hypothesis  that  the  observed 
effect  is  llnVed  with  the  natural  fission  from  an  ieomerle  state.  In  reality,  in 
2^8  11 

the  exposure  of  V  '  to  B  ions,  there  are  formed  the  known  isotopes  of  elementc 

with  Z  ^97*  All  of  them  have  lifetimes  of  ground  state  considerably  longer  than 

0.015  sec.,  wherein  the  periods  of  the  natural  fission  of  these  isotopes  amount 
7 

to  T,v  >10'  j^ears.  It  follows  from  this  that  the  riatural  fission  of  the  nuclei 
/  1^ 
being  derived  is  facilitated  by  more  than  10  times* 

As  yst,  there  are  no  dire*':t  proofs  that  this  isomer  is  an  isolated  case 
or  whether  this  phenomenon  i.s  widespread  in  naturw,  and  in  the  reactions  iso¬ 
mers  can  originate  wi.th  a  varying  d\xration  of  life.  The  extensive  study  of  these 
nuclei  permits  us  to  get  new  additional  data  on  the  mechanism  of  a  '’convention¬ 
al"  spontaneous  fission* 

Thus  the  problem  of  the  synthesis  and  Identification  of  the  trsns-Fermian 
elements  according  to  natural  fission  from  the  ground  (unexoited)  state  proves 
to  be  connected  with  ths  obtainment  of  heavier  isotopes,  which  would  provide  the 
possibility  of  oonduoting  not  only  physical  but  also  chemical  studies  of  the  new 
elements  and  would  inoreass  considerably  the  reliability  of  the  identification. 

After  these  preliminary  remarks,  we  now  proceed  to  a  consideration  of 
oertalri  possible  reactions,  which  In  principle  permit  us  to  synthesize  the  nuclei 
with  the  number  of  neutrone,  considerably  exceeding  the  "magic"  number  N  -  I52, 
which  can  not  yield  a  reaction  with  the  evaporation  of  neutrons  sven  in  the  use 
of  the  heaviest  targets*  for  example,  in  case  of  the  irradiation  of  targets  of 

Cm^^®  by  lone,  one  oan  never  get  ieotopea  of  the  element  lOJ  heavier  than 
259*  Ae  is  shown  by  systeiMtlos,  these  isotopes  should  have  brisf  lifetimes* 
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5tjictloa,oj::  lnoomi>l»t»  fualen  in  s  Heavy  Partlole.  If  we  uae 

*’^18  ®*?0  ^  ^ontiarding  particle,  It  is  to  be  hoped  that  In  the  reaction 

of  the  marginal  interaction  with  the  targe t*nucleus,  there  occurn  the  capture  of 
a  conRiderable  pert  of  the  bombarding  particle,  wherein  the  naclens  is  in  a  near¬ 
ground  stati!. 


An  an  example,  we  coneider  the  reactlcne  of  the  synthesis  nf  certain 
heavy  isotopes  of  Fm  during  the  interaction  of  with  uranium* 


0^^ 


Ar 


^0 


’  F®  '  «4-  Ne  ) 


on 


*Tv',  '  4- 


*  Ar-'"’ 


Our  h''p9n  for  tbe  success  of  each  reeotiona  are  based  on  the  following.  First, 
th<»9e  ■^•’actions  are  threshold  ones,  whejreln  their  thresholds  lie  above  the  Coxi- 
lomb  barrier.  This  is  conditioned  by  the  fact  that  there  oecure  tho  capture  of 
oyyren  nuclei  from  the  bound  state  in  Ar '  into  the  bound  state  in  ffrr.ium. 


Hence,  there  is  a  certain  i*arge  of  energies  of  the  bombarding  pertioies  at 
•which  considerable  excitations  of  the  fermium  nuclei  will  be  energetioally 
Impoaelbls,  and  this  signifies  that  there  ’.vill  ocour  neither  an  evaporation  or 
fission  of  nucleons.  Secondly,  we  have  data  regarding  the  fact  that  in  the  re¬ 
actions  with  the  multiply-charged  ions,  there  occurs  a  considerable  yield  of 
such  products  which  in  particular  can  be  formed  by  way  of  the  above-indicated 

mechanism  (for  Instance,  ^  Thirdly,  we  know  reliably 

[?l]  that  with  a  large  cross  section,  reaotiona  proceed  in  which  there  occurs 
the  capture  from  the  target-nucleus  of  a  large  number  of  the  nucleons  of  the 
impinging  particle.  If  we  increase  the  mass  and  ehai’ge  of  this  particle,  ac¬ 
celerating,  let  as  eny,  argon  or  heavier  elements,  it  can  then  be  exijeo.ted  that 
the  reverae  reaction  will  occur*  the  capture  reaction  of  a  large  riuraber  of  nu¬ 
cleons  from  the  impinging  particle  Into  the  target-nucleus. 


For  the  verification  of  this  method,  most  feasible  la  the  first  of  the 
noted  reactions,  In  which  we  derive  the  spontaneously  fissionable  isotope  of 

with  Tjy-  -2. 7  hours,  which  should  assure  high  sanaltivity. 
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ladlatlon  Captny  of  a  H»avy  lor.,  Anothtr  possibility  of  spprosoh* 
iru;  the  region  of  0  -stability  oan  be  the  rsaetions  of  the  radiation  oaptura  of 
4  heavy  Ion*  In  these  reactions i  the  emission  of  one  high-energy  Y^ciuentm 
should  lower  the  energy  of  excitation  of  the  oompound  nucleus  to  a  level  beneath 
the  fission  threshold.  Such  reactions  should  yield  a  product  with  mess  numbers 
larger  by  four  units  than  those  usually  obtained  in  reactions  with  the  evapora¬ 
tion  of  nucleons*  It  is  olear  that  the  prooesa  of  emission  of  one  high-energy 
Y  -quantum  from  a  hesvy  compound  nucleus  is  poor  competition  for  the  processes 
of  the  fission  «nd  evaporation  of  nucleons.  Nevertheless,  the  faot  that  in  this 
process,  there  ie  but  one  degree  of  emission  of  the  gamma  quantum  (  .  .  _ 

in  comparison  with  the  usually  four  stages  of  the  s'ranoration  of  neutrons 
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providee  a  certain  hope  that  the  effective  cro<3s  seotion  of 


this  process  will  not  nrove  to  be  very  small. 

Unfortunately,  at  present  there  are  very  few  reports  [23,24]  devoted  to 
reactions  of  the  radiation  capture  of  a  hef '/y‘ion  (moreover,  all  the  studies  are 
conducted  for  light  targets).  In  this  case,  the  section  equals  about  10“^  cm  . 
There  is  no  possibility  to  obtain  In  any  way  from  thia  result  a  cross  section 
corresponding  to  the  region  of  heavy  transuranium  elements* 

In  our  opinion,  here  it  is  simplest  to  establish  experimentally  the  reaoti 
cross  section  of  radiation  capture  of  0^®  by  a  nucleus  with  tho  forrntion 
of  F»^*i 
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With  the  use  of  100  nioronmps  of  current  of  0^®  ions,  the  sensitivity  of  this 


method  permits  un  to  observe  the  reaotlone  occvrrir^-  with  a  cross  section  of 
10  cm  .  The  affect  at  such  a  cross  section  is  about  10  fiasions  per  hear. 

Resetions  of  Svaporqtlon  of  Hucleona  at  Use  of  Products  of  Nueleei 
Reactions  as  Bombarding  Particles.  '  Uit  us  dwe-ll  in  more  detail  on  the  data  ob¬ 
tained  in  the  report  [?l]. 

232  22 

Puidng  the  exposure  of  Th  to  Ne  ions,  the  authors  of  this  paper  ■"«- 
vealed  a  large  yield  of  isotopes  of  Ac  Ac  Ao'  and  Th  '.  As  the  ools 
msohanism  which  could  explain  their  obtainr^nt,  there  is  the  breeklng-eray  of 
several  nucleons  from  the  target-nuolen.e.  *t  th-  same  time,  the  authors  obtain- 


ed  data  indioating  that  tha  nucleons  being  torn  away  are'  In  all  llklihood  trane- 
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fsrred  to  the  bombarding  particle.  Thus,  in  the  exposure  of  Th  to  Ne  ions, 
there  is  a  beam  of  secondary  particles,  among  iriiioh  there  will  be  very  heavy  iso^ 
to|>es  of  neon','  sodium  and  magnesium* 

Let  us  estimate  the  possible  intensity  of  a  beam  of  secondary  particles* 

Proceeding  from  the  report  data,  we  can  expect  that  the  cross  section  of  the 

-27  2 

formation  of  these  particles  can  equal  about  10  om  .  With  a  current  of  the 
22 

Ne  ions*  beam  eqvuilling  100  mioroamps,  and  with  a  Th  ^  target  with  a  thickness 

2  6  . 

of  10  mg/om  ,  we  will  have  about  ).0”  particles/see.  Hot  dwelling  on  the  problem 

of  the  high-energy  dietribution  of  the  secondary  particles,  we  note  that  such 

a  beam  is  quite  adeqxiate  for  investigating  the  reactions  proceeding  with  a  cross 
•*28  2 

section  ^  10  cm  ,  if  the  reaction  products  assure  the  recording  of  several 
fission  events  In  one  hour* 

•28  2 

The  value  of  the  oroee  section  10  om  is  not  too  higdi  even  for  the  re¬ 
gion  of  far  transuranium  elements,  since  the  flsaility  of  the  oompound  nucleus 
in  this  csss  should  be  lowered  greatly  owing  to  its  increased  mass,  and  the 
process  of  neutrons'  evaporation  oan  compete  successfully  with  the  fission*  In 
any  case,  the  verification  of  this  possibility  Is  not  associated  with  major  dif¬ 
ficulties  and  can  bs  accomplished  sucoessfully  during  the  exposure  of  a  thick 
target  of  Th  ^  to  Ho  ions,  having  sufficient  energy*  Therein,  the  thorium 
will  serve  as  a  transformer  of  the  beam,  and  as  a  target,  on  which  there  will  oc¬ 
cur  reaotiona  of  Th^5^(He^®,  4n)Fa^^^  and  Th^^^(Ha^®,  4n)  Md^^^ 

If  successful,  the  methods  examined  above  for  the  synthesis  of  far  trans¬ 
uranium  elements  (enriched  by  neutTOns)  would,  in  our  view,  considerably  expand 
the  potentiality  of  the  method  of  multiply-charged  ions  in  thia  direction. 

We  now  need  to  note  only  certain  particular  eases  of  obtaining  individual 
heavy  nuclei,  and  to  analyse  briefly  the  reactions  of  th*-'  protons'  evaporation 
from  the  oompound  nuclei,  sinoe  such  reactions  also  lead  to  the  formation  of  heav: 
Isotopes  of  the  transuranium  elements. 

From  the  viewpoint  of  the  syetematlos  of  naturally  fissionable  nuclei,  the 
synthesis  of  Cf^^^  aixd  Pm^^®  is  of  great  interest,  since  the  results  (of  estima¬ 
ting  the  lifetime  of  these  isotopes)  oonduoted  by  various  methods,  are  too  con¬ 
tradictory* 
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Th«  isotop*  In  aioounts  suffiolont  for  its  IswMtliii'feiaBS  oaa  b« 

8:/nthftsl!!«d  in  a  reaction  of  the  typ#  ev«n  if  the  research 

10 

er  has  at  )iis  disposal  but  10  nuolal  of  Of 
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Tn  the  reactions  with  multi ply-oharged  ions  (#•§:.*  Cm  ^  (B  ,4n) 

ll|S55  for  which  Tub  2L«5  hn*,  hboot  K)^  nuclat  can 

ooll«et>  and^  if  tti*  captor*  raacuon  of  thr**  noutron^  la  anp 

particle  proceeds  with  the  cross  section  of  about  10”^  em^,  we  oan  synthesize 

an  amount  of  sufficient  for  the  Investigation  (•evernl  disirtegratlons  per 

hot'.r) . 

Another  pcocibility  of  getting  relatively  heavy  isotopes  is  constituted 

by  the  reactions  with  the  evaporation  of  char,^d  particles.  For  instance,  such 

can  be  ropresented  by  the  reaction  Pu  ^  (N*  p  5  •  Tt'Ore  are  adequate 

bases  for  exnectirg  that  the  isotope  IO3  will  be  unstable  in  relation  to 

electron  capture.  As  the  result  of  electron  capture,  there  forms  the  isotope 
260 

102  ,  vrhioh  should  he  a  '^jiontaneoarly  fissionable  iootone. 

?2 

The  nuclear  reaction  (Ne  ,  p3n)  was  used  successfully  for  the  sj-nthesis 
101  of  the  element  Md  at  irradiation  of  U"^  An  ajialogous  reaction 

of  the  evaporation  of  a  proton  and  of  two  neutrons  can  lead  to  the  formation  of 
even  heavier  iootopes.  Specifically,  In  the  reaction  ?u’  ^  (Ne  ,  p2n)l05  , 

we  can  hope  to  derive  a  relatively  long-lived  isotope  of  the  element  10? . 

The  probability  of  reaction  with  the  emiseion  of  a  proton  and  of  only  one 
neutron  is  very  slight.  This  Is  explained  by  the  low  value  of  the  cross  section 
of  the  formation  of  the  compound  nucleus  at  low  energies  of  the  bombarding  parti¬ 
cle.  Experiment  shows  that  the  reaction  cross  section  of  u25®  (Ne^^,  pn)  Ud^^*^ 
does  not  exceed  10"'  cm  .  This  circiuBstance  fixes  the  limit  of  the  ponsibllitler 
of  reactions  with  the  evaporation  of  charged  partioles  In  the  process  of  synthe- 
aiying  the  heavy  isotopes. 

CONCLUSION 

The  further  investig-tion  of  the  features  of  natural  (spontaneous)  fission 
Is  linked  to  a  great  extent  with  progress  into  the  fiels  of  as  yet  undiscovared 
elements  and  the  synthesis  of  the  heavy  isotopes  of  Cf,  Pra,  and  the  element  102. 

Moreover,  the  investiffation  of  an  interesting  phenomenon,  nemely  the  fis¬ 
sion  of  isomers  of  trar.suranitia  elements  and  of  nuclear  reactiorn,  in  which  they 
form,  will  also  provide  much  new  inform»\tion  on  tho  inechnnism  of  nuclei  fission 
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fi^ora  the  ground  state. 

The  conclusions  from  recently  oonrtuotes  studies  y  in  iHiioh  a  7*elHtionahip 
is  estsblished  between  the  probability  of  spontareoue  fission  end  the  arrangement 
of  the  energy  levels  of  the  nuolecns  in  the  rucle'.'n  [7.  27»  permit  us  to 
hope  for  the  obtainroert  of  addit'^onal  data  on  the  atrunture  of  the  nuclei  in  a 
study  of  the  periods  of  thsir  spontaneous  fission. 

On  the  other  hand,  a  study  of  the  regularities  in  the  variation  of  the 
periods  of  spontaneous  fission  In  a  vide  range  of  the  S-  end  A-values  will  provlf 
the  opportujiity  of  answering  the  question  as  to  how  great  the  role  of  natural 
fission  Is  for  those  isotopes  of  the  trens-f^TTOian  elements,  tho  derivation  of 
which  ia  the  concern  of  the  immediate  future. 

The  problem  of  the  8;.nath''.ni8  of  a  new  element  Is  veT;.”  complex.  For  itn 
solution,  the  development  of  many  apeciel  diverse  methods  is  required,  wherein 
the  choice  of  any  riven  method  depends  grefitly  on  the  type  of  dislnte.-rration  and 
the  lifetime  of  the  element  being  studies.  The  more  we  know  about,  natural  fis¬ 
sion,  the  more  nreoi aely  we  can  estimate  the  Tjy  -value  of  the  new  element,  and 
tho  greater  are  the  chances  for  suoceflsfully  solving  the  Sj'ntheslP  problem. 

Thus  the  problem  of  the  further  study  of  *Vie  reca^laritles  of  natural  fis¬ 
sion  and  the  (^ueptlon  of  the  synthesis  of  new  eler;ent8  are  inseparably  linked, 
so  that  the  pro.prees  in  one  field  inherently  determines  the  progress  in  the  othc; 
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